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EMERGENCY MEASURES FOR lUCREASIlIG 
THE RANGE OP FIGHTER AIRPLANES 
By Robert T. Jones and Joseph W. V/etmore 



SUMMARY 



An 



analysis was made to show the relative effective- 
ness of streamline external fuel tanks, a fuel tank in 
the form of a wing mounted in a "biplane position, and 
auxiliary wing panels attached at the wing tips to in- 
crease the span as temporary means for increasing the 
range of a fighter-type airplane. The airplane con- 
sidered is representative of either an Army or Navy 
single-engine heavy fighter. Figure<3 and charts for the 
various devices considorsd show the results of calcula- 
tions of range, duration of flight, and take-off distance 
for hoth land-hase and carrier operation. 

The results indicated that the v;ing-tip extensions 
were the most promising of the devices considered. It 
was estimated that 10-foot tip extensions - that is, an 
increase in span of 20 feet - used in conjunction with a 
streamline external fuel tank would increase the range 
of the airplane 125 to 130 percent without any increase 
in the distance required to take off from either a land 
"base or a carrier. With 5-foot tip extensions, the range 
would he increased 65 to 70 percent, under the same limi- 
tations. The tank wing was found to cause some reduction 
m the efficiency of the airplane in terms of miles per 
gallon. The added area would permit a greater fuel load 
to he carried, however, for a given take-off distance and 
the range would theret-y he increased. For a given take- 
off distance from a land hase, the calculated increase in 
range due to the tank wing was ahout 45 percent. The in- • 
crease for a given carrier take-off would be ahout 30 
percent. Increasing the. range 50 percent hy carrying 
extra fuel in a streamline external tank without any 
other modifications to the airplane would require an 
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increase of 20 percent in take-off distance from a land 
"base and 32 percent froin a carrier. 



INTRODUCTION 



The range of fighter-type airplanep^ is ordinarily, 
relatively short 'because of high span loading and limita- 
tions on the space available for fuel. Permanent modi-- 
fications in the design of the airplane to achieve longer 
ranges v;ould not he acceptahle . because of the consequent 
impairment of other characteristics that are ordinarily 
of greater importance. Under certain circumstances, how- 
ever - for example, for ferrying purposes - it would be 
of great value to increase the range of fighter airplanes 
by temporary devices, despite sacrifices in other perform- 
ance characteristics. 

Considerable increases in range .may be obtained by 
carrying streamline external fuel tanks but only at the 
cost of a possibly prohibitive increase in take'-off dis- 
tance. Several methods, designed to increase the range 
without increasing the take-off distance, have been sug- 
gested. One of these methods consists essentially in 
making the external tank in the shape of an airfoil to 
increase the total wing area. Another method consists 
in adding area at the wing tips, which has the advantage 
of increasing net only the wing area for take--off but 
also the span and, thereby, the efficiency in terms of 
miles per gallon of fuelo Such area might be added In 
the form of temporary extensions attached in place of the 
removable fairings on the original* wings . 

Determination of the most expedient method will de- 
pend on a num.ber of factors outside the field of the 
present investigation, such as pilot endurance, area 
available for take-off, and structural considerations. 
The following analysis is intended to provide a compar- 
ifc^on of the suggested methods on the basis of maximum at- 
tainable range, flying time required, and take-off dis- 
tances from either a land base "or a carrier. The cal- 
culations were made for an airplane the- characteristics 
of which may be considered representative of either an 
Arm.y or Navy single-engine heavy fighter. 
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ANALYSIS 

Airplane .- The characteristics of the airplane con- 
sidered in the analysis are: 

Wing area, square feet 310 

Wing span, feet 41 

Wing incidence angle, degrees 2 

Ground angle (longitudinal axis), degrees 12 

Empty weight (design gross weight less 

normal fuel load), pounds . . . 11^000 

Engine displacement, cu"bic inches . 2300 

Supercharger two-r.tage, gear-driven 

Propeller three-blade, constant-speed 

Propeller gear ratio 2:1 

Maximum speed at sea level, miles per hour .... 317 
Capacity of internal fuel tank, gallons 300 

A sketch of the airplane with a tank wing of 300- 
gallon capacity (4-ft chord by 20-ft span) is shown in 
figure 1. In figure 2 the airplane is shown with iO-foot 
wing-tip extensions (area increase, approx. 80 sq ft) and 
a 300-gallon streamline external tank." 

Calculat ion of range.- The range war, calculated by 
the Breguet formula, which takes account of the continu- 
ous reduction in power reauired to overate at constant 
lift-arag ratio. The equation is 

R = 375 a i log^ 1L 
CD ■ ® 

e 
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v/here 

E range, miles 

Ti. average propulsive efficiency during flight 

0 average specific fuel consumption during flight, 
pounds per horsepower-hour " * 

L/D lift-drag ratio of airpjane 

weight of airplane at take-off 

weight of airplane v/ith tanks empty 

Calculation of aor cdynaiaic efficiency L/D.- The 
values of aerodynamic e^firi en^""~l7~f oT'uTT'in the 
range ocuation were computed frosi the relation 
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1.075f _ ^'/p'i^f 

v/here 

f parasite area of airplane 

W weight of airplane 

p mass density of air 

V true airspeed , miles per hour 

bg effective span 

original airplane, the value of f was calcu- 
lated from consideration of the maxi:auin speed and corrP- 
spondxng power output of the engine. Incre^enU in pa'a- 
si.e area due to the external tanks, the tank wing Inl t>^e 
IJ^?: ff*'""^''' estimated by deternining^'the wett'd 

co.Jfi J4t%'f 0 o1'°'" '^""^ -altiplying by a skf n-f riclJ^n 
lav;r Joi ? • r^P^'^^'^-^^^-ti-^^e of a turoulent boundary 

laytr. j,or the streamline external tanks, the ^;etted f^re-^ 
was ass^omed to he that of an ellipsoid of revolution h^v';. 
a fineness ratxo of 5 and providing the desired volume: "ihe 



drag of a faired tank has teen found to be slightly less 
than that obtained lay this methodo 



K^ norisal airplane and the airplane v/ith win^^-- 

.^xj tip extensions, the effective , span b_ was assumed to"be 
»0 percent of the actual span. For the tank yin^, the 
effective span was taken as the effective span of the 
original airplane multiplied bj Munk ' s span factor; the 
value of the factor for the configuration assumed (fi-o-. i) 
was taken froffi reference 1; and the assunnDtion that th^* 
lift would be distributed between the two'win^s. in 7)^0- 
portion to their respective areas was used. 

The curves of L/D against _I , v;here W is 

the .-xrplane v/oight with any fuel load and 7 is t'^« true 
airspeed at an altitude of 10,000 feet, are plotted ir, fig- 
ure KU) for the various nodif ications of the airpla^o 
The c-,irve for a given airplane ccaf i,;uration is indooendert 
of loading when plotted in this manner., 

Cgjj5:ilc'tioiL^f_eM^ e fficiency ■n /a_^ 

Values of propulsive efficiency r\ were computed fron full- 
scale test data on a suitable propeller-nacelle combination. 
SpscL^ic iuei consumption C was determined fron-. mrvan^pc- 
turer's performance charts for the engine considerec^. It 
v/as assumed that the ongine was operatin- in low blover and 
subject to the limitations on engine speed and manifold 
pressure specified for the cruising power condition, "h- 
values of 0 were increased 5 percent to take account of" 
oil consumption. The maximum value of the ratio r. / 0 wn^, 
determined for several values of brake horsepower at e-^h' 
of a number of airspeeds? an altitude of 10.000 feet was 
assumed, it was found that the maximum value ■•f t)/C 
a. given airspeed is pracfci:;ally unaffected by considerable 
variations m pover, with the result that a single curve 
01 A/0 against true airspeed, given in figure' 3(b), 
could be used for all the airplane modifications considered. 

■£eiQJL!!lliiat-.on of .loadAil^^ - The weight of fuel carried 
was estima-oea on the basis of 5 pounds per gallon, Th ^ s 
value wa,s iucraased 5 percent to allow for 'oil consurrot ion . 
•ihe weigh, of the streamline external fuel tanks and the 
weignt of the -.anfc wing were assumed to be 15/85 of the 
. weight of the fuel the tanks are capable of carrying, 'ihe 
weigiit of tne wing-tip extensions was taken as ^ pounds T5er 
square foot of area added. The loadings' used for the s.^- 
eral modifications of the airplane that were considered in 
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the calculations ai'e giyen in the following taile; 



, 

Con^iti on 


Total fuel 
capac ity 
(gal) 




v/eight 
(ID) 


J. c«. is- c ■ U X J. 

wo ight 

(1>.) 


^t/^^e 


1^0 .rma, 1 a i r plan e 


300 


11 ,000 


J V.' \J 




300"g8.11on external 
tank added 


600 


11 , 319 


15 .09P 


T PT rj rt 

o o t:> o 


5-foot wing tips 
added 


300 


11; 155 


13 , 043 


I0I68 


5~foot v-ing tips /and 
oOO-gallon ozternal 
tank addod 


600 


.11,474 


15,247 


1.328 


lO-foot wing tips 
addod 


rioo 


11., 300 


15,108 


1 « 166 


10-foot iving tips and 
2 0 0 - g a 11 0 n e t e r n a 1 
tank added 


SOD 


ll,f>19 


15,392 


1,324 1 



J:l£.lc:i]^.Jjin__of__^^,^^ Take-Off di .^itarc- 3 

from both a Land baso arid a carrier v/.sre comiDuted ^o- the 
various airplans conditions, Por the land-base tako-oTf., 
the dr.st.ance re-^uired to clear a 50-foot oostacle ^as ^r-l' 
eluded. I-i; was assuir.ed that flaps would not be use"^ f^nd' 
tha. tnero was no wind. She ground-run distances ' ^^Ivl' 
computed ,oy the inethod of reference 2, The talro-o^f ,r,Q.^ 
v/as taken as 5 percent in excess of the povor-off stallin^-^' 
speed and the r ollins-f r ict ion coefficient, a-s olos: Ur- 
run distances were estimated frcia the results of ste-o-by- 
step inta/srations of the air-run flight path, based or 
the assumption tnat the lift coefficient at .;hich t h.-^' ai-^-. 
pl.ana_ takes off would, be maintained up to the SO-f^Jt 
oJrf'J%.'°^/'^'' carrier take-offs, only the distance re- • 
5^.'rS„*!.f^*^'^-,*^-^^^~^'^-'^ ^'as calculated, Estiiration 

on the assumption that the tail 
deck at take-off^ She 



of 



take-off speed was based 
wheel would be in contact with the 

airplane was assumed to be equipped with partial-span 

f^f.^^ V , ''^""^^ deflected 30° for carrier take- 

offs. Tne deck-wind velocity vas taken as 25 kr:ot^i j^nd the 
rolling-friction coefficient, as 0.02. The method of refJr 
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encs 2 v/as used for the calculation of the taVe-off cU-- 
t an c e s . - - o 

Por t-oth land-base and carrier take-offs, a'-connt 
was ta.!cen, as well as possihle, of the effects of slipstream 
ana prozimi-cy of the groundo Lift increments due to th^ 
slipstream were estimated from the semieiapir ical formulas 
given m reference 3o The parasite dra.^ of pf,r+.« of t^^ 
airplane m the slipstream was assumed to be" ir-cr eas^^i *-Tn 
proportion to the increase in dynamic pressure in the^slip- 
streamo Iz v;as assumed that the induced dra^ associated 
wii;h tiie lift increment due to the slipstream ivould be the 
same as though this lift increment were obtained with a 
flap having a span equal to the slipstream diameter. The 
eifects of ground interference on the lift-cizrve slope '^r,d 
induced drag were estimated on the basis of ^ncselsberger « s 
adaptation of biplane theory (reforcnco 4). 

HSSULTS AFD DI30U55I03 

Ctet for ran ere MLJ^gfL:,cf f_JJ^t ance . - A chart, from 
which one range, mean speed or duration of fli^:ht, and taVe- 
01. distances from a land base or a carrier may he estimated 
for any of the cases considered, has been constructed -^rnrr. 
tno results of the calculations of- range and -take-off dis- 
tance and is. given in figure 4, Values of the range effi- 
ciency factor a I are plotted in the upper left-hand 

H-f'''' nj/'-*' against a variable speed scale -ast 

be.uw. mis plot shows lines of constant mean speed 
sloping to the left with increasing values of the ratio of 

to thrri^hj^"'' '-'^ diagonal scale 

to the right, and thereby takes account of the fact that 

the speed corresponding, to a given point on the H -ii curve- 

for a given condition increases v/ith increasing v;ei.-->^t 
Inasmuch as the value of n/C (fi,.. 3) for a k ve- '^'^'pe 
IS found to be practically independent of loading for't>'e 
engine-operating conditions assumed, the value corres-oonding 
I? ^ Sxyen value of L/D will vary sonewhat with loalir.^. 
Tne variation, howover, is saall ar.d values of -p/C for'" 
tne airspeed corresponding to the average of the '>ull <^ad 
empty loading for each airplane condition were therefore 
used in determining the ^ curves 

C D 
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In the upper right-hand section of the chart, curves 

defining the relation "between H il and \U/'iI fo-r con- 

C D I. e - 

stant values of range are plotted. The lov/er part of 
the chart shov/s the variation v/ith w*t/=^e of tako-off 
distance from a land base or a carrier for the various 
airplane configurations. 

..!?h3 method of using the chart is indicated in fi,<^- 
ure 4 hy the dashed lines drawn "between the small circles 
on the curves and scales. The case illustrated is that of 
estimating the niaximum range and duration of flight of the 
normal airplane for v;hich the take-off distance from a l?nd 
base is liHited to 2500 feet. A line is drawn vertically 
from the 3500-foot point on the land-base take-off curve 
for the normal airplane through the V/^/Wg scale and up 
to the range section. Another line is drai^n horizontally 
from- the peak of the pr.opsr | | curve to intersect the 

vertical line. (It vill be noted that the value ot" IL i 
• V "CD 
is between the peaks cf the no-ext ernal-t r.nk and the 300- 
gallon-extcrnal-tank curves to take account of the fact 
that an intermediate external-tank size is roq.uired for 
the case assumed in the example.) The intersection of 
the horizontal and vertical lines gives the value of 
maxiEium range - about 2050 miles for the eraisple. In 
order to estimate the rae an velocity, a vertical line is 

drawn dov.'n from the point corresponding to the value of ^ 

CD 

usea in determining the range. The point of intersection 
of this line with a horizontal line drawn from the -nreviously 
established point on the W^/V/^ scale gives the /nean spe.3d 
of the flight - about 206 miles per hour for thfi exair-ji p. 
The duration of the flight is given by dividing the ran^e 
by tne mean speed and is found to be about 9^95 hours. 
The same procedure i*ould bo followed for the car.e of"t-"ke- 
off froa a carrier, using the carriei; take-off curves in- 
stead of the land-base curves. 

Pxgv.res 6 and 6 have been prcpf.red from the chart in 
figure 4 to provide a more direct comparison of the various 
means for increasing the range,. Figure 5 shows the minimum 
tair.e-off distances and the corresponding duration o-r flij?-ht 
plotted against range.. Figure 6 gives the variation of " 
ta;re-off distances with range when the duration of fl3.:'ht 
lor a given range is the same for all cases as that for .the • 
original airplane operating at mazimum efficiency. 
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llJie^^lJjLe^xternaJLJ^ In fi^^uro 5 it is shown 

5So to ?o''''''"?f'%*^^ capacity of the airplane from 

t..J\u gallons tiirough the use of a streamline extern.,1 
r bnn ■f^''^'''^" ''''■^^^ increased from about 1^50 

to 2600^n,zles or about 80 percent. The take-off diJUnce 

oQ^n ""^^^ """"^^^ ^® increased from 2160 feet to 

2940 fee. cr about 55 percent. Iron a carrier, the take- 
off aistance x^ould be increased from SOS to 500 feet or 
aoout 62 percent. Jhe extent to which an increase in 
taKe-off distance from a land base would be acceptable 
depends, 01 course, on the size of airfield available. 
• tvL°nJJ'^^ operation however, any material increase in 
taKe-off distance would probably be a serious disadvantage. 

—^^"^7 '^^"'^ ^^i^S is essentially a temporary 

means ox providing added wing area in order ^hat the 
airplane may take off with a greater fuel load for" certain 
long-range missions .nd, at the sane time, provides t^nS 

^^^^ auxiliary Irin^ Colli 
prooably be mounted as the upper win^ of a b-olane 
shown in figure 1, With such an arrrV-^ep,;,-,;"'^ ^ 

th-r:?:?;-:ti;; ztn\r- 

tae airpxane to some extent but the high aspect -atio -hat 
would be required for the auxiliary ,rit^ woi^Vrobabi; 

^o^; 'or"?-""'%''^^ structural problems. ^o/lVeXuL 
poses of tnis analysis, it was assumed that a t^^^v ,rlx^ . 
Of aspect ratio 5 w:th an area of 80 square fe;t and 
S.t^l ^JPacity of 300 gallons would represent a reasonably 
?he eff^^t'v'-^''- Jhis arrangen^ent entails a reduction I'n'' 
the e.fecti..e span of the combination of about 2 perc-^n- in 
comparison with the original airplane. The wettera';^.:^. 
hence the parasite-drag increase due-to the tlnv ji^; ^ '-"^ 

equal >rolunie. As a result, the airplane with the tc.nk r^rr 
13 somewnat less efficient than the airplane with ^ 7iv^^ 
line external tank. (See figs, 3 and 4.) s-ti -am- 

The effect of this' reduced efficiency ..hows i^ -fi.nv^ r 

ill Irl^.l^ -ange for a given take-off distanc^ /'beca ^se o- 
the greater luel load that can be crrried i^-^^ 
operancn, ,ne t=.k Increases ;i: r:;,,3 "<„r'il4'o'": 

TJiv.ness Of .he- ...k wing for carrier- operation in comparison 
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with that for iand--base operation is reduced because the 
flap on the original wing is used for the carrier take-offs 
and the added ving area due to the tank wing does not. ir, 
tnis case, proportionately increase the take-off lift, 

Ii5.^1i2__ext^nsi ons , - Increasing the span o"? air- 
plane, other things remaining equal, will proportionately 
increase the maximum range at tainable ' v; ith a" given fuel 
loaa, ihis fact suggests the use of auxiliary panels, 
attached to the wing^tips in place of the removable 't ip 
fairings (see fig. 2), as a promising means for increasing 
the range, ^ 

_ Inasmuch as the greatest range is attained at iroderate 
speeas^. it is possible that these temporary tip extensions' 
cov.xi 00 constructed of fairly light wood or plastic Fur- 
thesmoro,, because the v;ing of a fighter airplane is desi^-ned 
for loaamgs much greater than those encountered in level 
flight, major changes in the aain wing structure mi^ht not 
De necessary. It is suggested that, by usin- a greater 
taper m the tip sxtensions as shown in figure 2 nnd at 
tne same time suitably increasing the camber of the -i 
foil sections, the gust loads imposed on the mpin wi^-^ 
structure. by the tip aztensions can be considerably riduced 
without materially affecting the range or the tai^e-o-ff ' 
distance. 

The tip extensions would considerably reduce v,hr. 
lateral maneuverability of the airplane. Por the airplane 
considered, it is estimated that tip extensions of 10-foot 
span Uver-all span increased from 41 to 61 ft) would de- 
crease the masimum value of the tip helix anrle pb/2Y 
attainable with the ailerons about" 20 perconL It 
bexieved .that this loss in control effectiveness wov.lA not 
be too serious for the maneuvers which might be reauired 
■in a long-range flight. Plight tests have shovn that t>-e 
moment of inertia of an airplane about its lon.s'ituo ^ na^ 
axis can be at least doiibled without aaterially affect^n- 
lateral maneuverability; accordingly, the added moment of 
inertia aus to the tip extensions should have no noticeable 
effeco on the response to aileron control. 

. relatively low stability that is normally character- 

istic 01 f i^hter-type airplanes would tend to increase pilot 
fatigue on a long-range flight. The temporary devices used 
for increasing the range should therefore be designed, in- 
sofar aspossible. to improve the stability. Increased 
longitudinal stability could be obtained by providing swoeT.- 
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back in the wing-tip extent: ions or properly disposing 
the fuel load carried in external tanks. Wing-tiT? exten- 
sions might "DC designed v;ith sufficient dihedral angle to 
improve spiral stability, if necessary, in order that the 
pilot could fly with rudder alone in smooth air. 



t-q The use of wing-tip .extensions, either alone or in 

conjunction with streanline external fuel tanks, appears to 
he the aost effective of the means considered for increasing 
the range attainable with fighter airplanes. Not only is 
the efficiency of the airplane increased, as shown in' fig- 
ures 3 and 4, with the result that the range with a given 
fuel load is greater, but also the added wine area will 
give a substantial improvement in take-off distance. In 
figure_^5, the maximum rango of the airplane with 600 gallons 
of fuel is shown to be increased from 2600 to 3030 miles 
with 5-foot tip extensions and to 3450 miles with 10-foot 
tip extensions. It is also shov/n that, without exceeding 
take-off distance of the original airplane from either a 
xand^base or a carrier, the range is increased from 1440 
.o^aoout 3400 miles or almost 70 percent with 5-foot tip 
extensions and to about 3300 miles or between T25 a^d. 130 
percent with 10-foot tip extensions. The wing-tip e'xte'n- 
sions, m contrast with the tank wing, ai^pear equally 
effective in increasing the range for a given take-off 
aistance from either a land base or a carrier because th-e 
increased lift-curve slope with the wing-tip extensions' 
gives a relatively- higher take-off lift for the fixed ' 
angle of attack of the carrier take-offs than is obtained 
with tne tank v;ing. 

Inasmuch as an increase in ST>an reduces the a^fspeed 
at wnicn maximum efficiency is attained, the time of 
flight over a given distance will be greater with t^^e 
wing-tip extensions than with the original airplane or 
wi^hthe tank wing, if the primary consideration is the 
ar.tainment of a given range with the least TDOssible fuel 
load .or take-off distance. This case is represented in 
figure 5. when the distance to be flown is so g^^at as 
to tax the pilot's endurance, it may be desirabllto fly 
at speeas higher than those at which maximum efficiency 
occurs, even though a greater fuel load and take-off dis- 
tance will be required. Comparison of figures 5 and 6 
snows that the flying speed for the airplane equipT)ed with 
wing-..,ip extensions could be increased to the extent thPt 
the duration of flight for a given range is the same as 'for 
tne original airplane without seriously increasing the take- 
off distances for a given range or, conversely, without greatly 
reducing the range attainable for a given take-off distance 
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CONCLUDING. HEMASKS 



Of the methods considered for temporarily increasing 
the range of fightar-type airplanes, the use of auxiliary, 
wing^^tip extensions appears the most promising. Por the 
airplane considered, it was estimated that 10-foot exten- 
sions - that is, an increase in span of 20 feet - used in 
conjunction with an external fuel tank v;ould increase the 
range of the airplane 125 to 130 percent without any in- 
crease in the distances required to take off from either a 
land hase or a carrier. V/ith 5-foot tip extensions, the 
range would be increased 65 to 70 percent, under the same 
limitations. 

An auxiliary v/ing of 4-foot chord and 20-foot span 
mounted above the main wing and providing tank capacity 
for 300 gallons of extra f. ^1 , was shown to give somewhat 
lower efficiency in terms of miles per gallon than the 
original airplane with the extra fuel carried in a stream- 
line, .external tank. The tank wing would permit a greater 
fuel load to be carried for a given take-off distance 
because of the added wing area, and the ran.ge would thereby 
be increased* ?or a given take-off distance from a land 
ba.se, the increase in range was estimated to be about 45 
percent. The increase for a given carrier take-off would 
be aboixt 20 percent. 

Increasing the range 50 percent by carrying extra 
fuel in streamline external t anks" wi thout any other modi- 
fications to the airplane would entail an increase of 
20 percent in take-off distance from a land base and 
32 percent from a carrier. 

^Selection of the most suitable method for a particular 
application will of course depend on other factors besides 
the attainable range and take-off performance, such as 
structural problems, pilot endurance, and area available 
for take-off. Por example, if in a given case the duration 
of flight with external tanks alone is equal to the endurance 
of tile pilot and if the area and the span available for take- 
off are adequate, there will be little advantage in the use 
of more efficient methods. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Commxttee for Aeronautics, 
Langley S'ield, Va. 
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True airspeed, mfh 
Pigure 3,- Variation with true airspeed of lift^drag ratio and ratio 
of propulsive efficiency to specific fuel consumption for 
various modifications of fighter airplane* Altitude 10,000 feet. 
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Figure 0.- 7ariatioa with range of take-off distances from a land base and 
4'i v.^. \°^^-^.?f.^f^ d-aration of flight for various modifications of* 

fighter airplane, flight at 10,000 feet at speed of maxiitrum n/c l/d for 
each condition. Vertical marks on cuTves of take-off distance against 
range denote take-off distance and range with 300- and 600-.Tallon"fuel ' 
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Figure 5.- Variation v/ith range of taka-off distances from a land oase 

and a carrier and duration of flic-ht for various modifications 
of fi^^hter airplane. Plight at 10,000 feet at speed of rna-i-.^um ■ l/d 
of noriEal airplane for all conditions. 



